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(57) Abstract 

An implantable medical device for 
delivering a medical therapy or for mon- 
itoring physiologic parameters is provided 
with a hermetic housing (102) containing 
a transceiver (38) coupled to an antenna 
located outside the housing by means of 
a feedthrough (108, 126), mounted to the 
housing and coupled to the transceiver. The 
antenna takes the form of a length of con- 
ductor (114), coupled to the feedthrough 
(108). In some embodiments the antenna is 
an insolated stranded conductor (134) cou- 
pled to the feedthrough (126) by means of 
a metallic loading tab (104). In other em- 
bodiments the antenna includes a length of 
conductor (134) encased in a dielectric, ex- ' " ' ^ 

tending from the feedthrough, and a coaxial 

shield (124) coupled to the housing and extending along only a portion of the length of conductor. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/65990 



PCT/US00/02613 



1 

TELEMETRY SYSTEM FOR IMPLANTABLE MEDICAL DEVICES 

Background of the Invention 

This invention relates generally to the implantable medical devices and more 
specifically to telemetry systems for allowing communication between implanted 
medical devices and external programmers or monitors. 

In the context of implantable medical devices, it has become common to 
provide a communication link between the implanted device and an external 
programmer or monitor in order to allow for transmission of commands from the 
external device to the implanted device and to allow for transmission of stored 
information and/or sensed physiological parameters from the implanted device to the 
external programmer. Conventionally, communication between an implanted device 
and an external programmer has been accomplished by means of a telemetry system 
which includes a transceiver located within the implanted medical device and an 
external programmer or monitor, each having a radio transmitter/receiver and one or 
more antennas. 

The implanted device typically includes an antenna located either within the 
hermetic device housing containing the circuitry, as disclosed in U.S. Patent No. 
4,542,532 issued to McQuilkin, in a plastic header or connector block used to 
interconnect the device to electrical leads as disclosed in U.S. Patent No. 5,697,958 
issued to Patrick et al. or mounted to the device housing as in U.S. Patent No. 
5,861,019 issued to Sun et al. and U.S. Patent No. 5,720,770 issued to Nappholz et al., 
all incorporated herein in their entireties. The programmer or monitor typically 
includes or consists of a programming head containing an antenna, intended to be 
placed on the patient's body in close proximity to the implanted device. The 
programming head may be coupled to the external programmer or monitor by means 
of a cord, as disclosed in U.S. Patent No. 5.766,232 issued to Grevious et al. 

More recently it has been proposed to provide communication systems for 
implantable devices in which the programming head is done away with, and 
communication occurs directly between the programmer or monitor, which may be 
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located some distance from the patient, and the implanted medical device. Such 
systems are disclosed in U.S. Patent No. 5,404,877 issued to Nolan et al, and U.S. 
Patent No. 5,1 13,869 issued to Nappholz. In the Nappholz patent, in particular, the 
use of an electrical lead as the antenna for broadcasting RF signals to the programmer 
or monitor which may be located some feet away from the patient is suggested. 

Summary of the Invention 

The present invention is directed toward a telemetry system for an implantable 
device which, like the devices in the above cited Nolan and Nappholz patents allows 
for communication between an implanted device and an associated external 
programmer or monitor without the necessity of a programming head placed on the 
patient's body in close proximity to the implanted device. In conjunction with this 
invention, an improved antenna configuration for the implanted device is provided, 
optimized to allow for reliable communication between an implanted device and the 
antenna of an external programmer or monitor which may be spaced at least several 
feet from one another. 

In preferred embodiments of the invention, the antenna of the implanted 
device takes the form of a monopole antenna located external to the hermetic 
enclosure of the implanted device, having a length tuned to function optimally at the 
radio frequencies chosen for use in the telemetry system. In a first embodiment of the 
invention, the antenna takes the form of a tab-loaded monopole, comprising a wire 
encased in an insulative material, extending from the connector block assembly of the 
device and coupled to the RF transceiver located within the device by means of a 
folded metal strip or tab located in the connector block, extending between the 
proximal end of the insulated wire and a feed-through coupled to the RF transceiver 
circuitry within the housing of the device. In particular, the folded metal strip may be 
fabricated of metal foil or a metallized plastic film and may take the general form of 
an isosceles triangle provided with laterally extending tabs at its base. In this 
embodiment, the base of the triangle is coupled to the antenna while the opposite apex 
of the triangle is coupled to the feed-through and in turn to transceiver circuitry within 
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the device housing. The length of the insulated wire is chosen to be optimized for the 
intended operational frequency range of the transceiver. In one preferred 
embodiment, the transceiver takes the form of a RF transceiver operating at about 400 
megaHertz and the length of the insulated wire is approximately 12 centimeters. In 
5 particular, the insulated wire in this embodiment may be a stranded wire, insulated in 

a silicone rubber sleeve. 

In a second embodiment, the antenna of the implanted device takes the form of 
a length of coaxial cable having a central or core wire coupled to a feedthrough, in 
turn coupled to transceiver circuitry within the device housing and having a coaxial 

10 shield extending over only a portion of the length of the cable. For example, in the 

context of an implanted device having a transceiver intended to operate in the vicinity 
of 400 megaHertz, the coaxial cable may extend for a length of approximately 12 
centimeters from the point at which it is coupled to the feedthrough, of which length 
only the four centimeters closest to the feedthrough are provided with a coaxial shield. 

15 In particular, the antenna may be a length of coaxial type cable, having a metallic 

center conductor, a 3.1 dielectric and a braided wire coaxial shield, stripped of its 
outer insulation and stripped of its coaxial shield over the eight centimeters most 
distant from the feedthrough. The four centimeters over which the shield extends may 
conveniently be located in the connector block of the device, with the remaining eight 

20 centimeters either extending freely outward from the connector block or mounted to 

the device housing and encased in an insulating material. 

In either of the two embodiments described above, the antenna may be 
manufactured as an integral part of implanted device or, that portion of the antenna 
extending external to the connector block may be manufactured as a separate piece 

25 part, coupled to the portion of the antenna within the connector block by means of a 

standard electrical connector. In this context, the portion of the antenna extending 
from the connector block may be included as a portion of an implantable stimulation 
lead, also inserted into the connector block. In a preferred embodiment, the portion of 
the antenna located external to the connector block is mechanically coupled at its 

30 distal end to the stimulation lead. 
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An implantable device according to the invention is preferably employed with 
a programmer or monitor having a spatial diversity antenna array in order to facilitate 
reception of signals from the implanted device and transmission of signals to the 
implanted device, within a wide area surrounding the monitor or programmer. One 
appropriate embodiment of an antenna for the programmer or monitor takes the form 
two antennas, each comprising two conductive plates mounted orthogonally to one 
another on exterior or interior surfaces of a housing which may be the programmer or 
monitor housing. In this embodiment, the portion of the housing to which the 
antennas are mounted is fabricated of a non-conductive material such as plastic. The 
two metallic plates of each antenna may be mounted adjacent opposing corners edges 
of the housing. For example, in the context of programmers or monitors provided 
with an LCD or CRT display, the antennas may be mounted adjacent opposite upper 
comers of the housing enclosing the display. In such an embodiment, each of the two 
antennas would include a plate mounted to the upper surface of the display housing 
and a plate mounted to an adjacent side surface of the display housing. 

In each of the two antennas, the two plates are coupled to an RF feed cable by 
means of a 1 80° splitter and tuned circuit. Selection of which of the two antennas is 
employed to transmit or receive signals from the implanted device is made by means 
of control circuitry within the programmer or transmitter. Selection may be made 
based on the magnitude of the signal received by the programmer or monitor from the 
implanted device or may be made in response to the establishment of a robust 
communication link between the implanted device and the monitor or programmer. 

In a second embodiment of a programmer or monitor appropriate for use with 
the implanted device may be provided with a spatial diversity antenna array 
comprising two antennas, each including a pair of tuned stub antennas mounted 
orthogonal to one another and located adjacent opposite corner edges of a portion of a 
housing which may be the programmer or monitor housing, in a fashion analogous to 
the plate antenna elements described previously. In this embodiment, the portion of 
the housing to which the stub antenna elements are mounted is conductive, rather than 
insulative. For example, the portion of the device carrying the antennas may take the 
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form of a generally rectangular, box-like enclosure with antennas located adjacent 
opposite edge comers of the enclosure such that each of the antennas includes a stub 
antenna element extending upwards from an upward surface of the enclosure and a 
stub antenna element extending laterally outward from an adjacent side surface of the 
enclosure, preferably oriented 90° from the antenna element extending from the upper 
surface of the enclosure. Like the plate antenna elements described above, the two 
adjacent stub antenna elements are coupled to a 180° power splitter and tuned circuit, 
each of which is in turn coupled to a selector switch to allow selection between either 
of the two antennas. As discussed in conjunction with the plate antenna array 
described above, selection of which of the two antennas is employed may be 
accomplished by either a measurement of received signal strength or verification of 
accurate data transmission. 

In conjunction with both embodiments of the antenna arrays for use in 
conjunction with the programmer or monitor, the antenna pairs are preferably spaced 
by a fraction of a wavelength of the center frequency of the transceivers employed in 
the implanted device and the programmer/monitor. For example, in some 
embodiments intended for use in conjunction with transmitters and receivers operating 
at approximately 400 megaHertz, the two antenna pairs may be spaced approximately 
1 1.5 to 12.5 inches from one another. 

Brief Description of the Drawings 

Figure la is a perspective view of a programmer or monitor provided with a 
first antenna array appropriate for use with an implanted device according to the 
present invention. 

Figure lb illustrates the configuration of an antenna plate as employed in the 
programmer or monitor of Figure la. 

Figure 2a is a perspective view of a programmer or monitor provided with a 
second embodiment of an antenna array appropriate for use with an implanted device 
according to the present invention. 
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Figure 2b is an illustration of a tuned stub antenna element as employed in the 
programmer or monitor of Figure 2a. 

Figure 3 is a functional diagram illustrating the interconnection of the antenna 
array RF circuitry and other functional components of the programmer or monitor 
illustrated in Figure la. 

Figure 4 is a drawing illustrating the corresponding interconnection of the 
antenna array of Figure 2a with the circuitry of the programmer or monitor of Figure 
2a. 

Figure 5 illustrates an exemplary type of RF transceiver appropriate for use in 
conjunction with the programmer or monitors of Figures 1 - 4 above and for use in 
conjunction with an implantable device embodying the present invention. 

Figure 6a is a plan view of an implantable device according to the present 
invention employing a first embodiment of ah antenna. 

Figure 6b illustrates the configuration of the metal tab portion of the antenna 
of the device of Figure 6a. 

Figure 7 illustrates an implantable device 120 according to the present 
invention employing a second embodiment of an antenna. 

Figure 8 is a plan view of an implantable device according to the present 
invention employing a third embodiment of an antenna. 

Figure 9 is a plan view of an implantable device illustrating how antennas 
generally corresponding to those of Figures 6 and 8 may be combined with an 
electrode lead for use in an implantable device according to e present invention. 

Figure 10 is a functional block diagram of an implantable device according to 
the present invention. 

Detailed Description of the Drawings 

Figure la is a perspective drawing of a programmer or monitor 10 appropriate 
for use in practicing the present invention. The monitor is provided with a display 1 6 
which may take the form of an LCD display or a CRT and a keyboard 1 7 which 
allows the physician to enter commands. The antenna array of the programmer or 
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monitor 10 includes two antennas, each antenna comprising two orthogonally located 
antenna elements, illustrated in Figure 1 as antenna elements 13, 14 and 15. A fourth 
antenna element 12 is indicated in broken outline. In this embodiment, the monitor 
housing is made of non-conductive material and the antenna elements are located 
either on the exterior or interior surface of the housing, as is convenient. 

The two elements of each antenna take the form of metal strips or plates 
located relative to one another such that the plates or strips define planes which are 
generally orthogonal to one another. For example, elements 14 and 15 are located on 
internal or external surfaces adjacent a corner edge 19, of the monitor housing 1 1 and 
elements 12 and 13 are located on internal or external surfaces adjacent a an opposite 
corner edge 1 8 of the monitor housing 1 1 . The two antennas are preferably oriented 
so that each plate or strip of an antenna defines a plane which is parallel to or coplanar 
with the plane defined by a corresponding plate or strip of the other antenna. For 
example, plates or strips 13 and 14 are generally coplanar and plates or strips 12 and 
1 5 are generally parallel. The two antennas are preferably separated by a fraction of 
the wavelength of the center frequency employed by the transceivers in the 
programmer/monitor and implanted device. In the context of a telemetry system 
operating in the vicinity of 400 megaHertz, for example, the spacing between antenna 
elements 13 and 14 may be, for example, about 7 inches. The orientation of the 
antenna elements provides for spatial diversity, facilitating the ability to receive 
transmissions from the implanted device when located at any number of locations in 
the general vicinity of the programmer/monitor, providing for greater flexibility in use 
of the telemetry system. Although not illustrated in Figure 1 , in each antenna, the two 
elements are coupled to one another by means of a 180° power splitter/tune circuit, 
and the programmer/monitor is provided with circuitry therein for selecting between 
the two antennas, based on signal strength and/or verification of accurate transmission 
from the implanted device. 

Figure lb illustrates an exemplary antenna element appropriate for use in a 
programmer or monitor as illustrated in Figure 1 . The antenna element 13 as 
illustrated may be fabricated from a 0.005" thick sheet of copper or other highly 
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conductive metal mounted to an inner or outer surface of the non-conductive housing 
of the programmer or monitor. Alternatively, the antenna element may be formed by 
depositing a similarly configured coating of copper or other highly conductive metal 
on an inner or outer surface of the non-conductive housing of the programmer or 
monitor. In the particular embodiment illustrated, the antenna element takes the form 
of a strip having a length L, of approximately 2" and a width W of approximately 
1 .25". One end of the strip is tapered over a length T of approximately 1 .8" to a point 
13a. The antenna element is preferably coupled to the power splitter/tuned circuit 
within the housing of the programmer or monitor by means of a feed line attached 
adjacent point 13a. 

Figure 2a is a perspective drawing of an alternative embodiment of a 
programmer or monitor appropriate for use in conjunction with an implanted device 
according to the present invention. In this embodiment, the programmer or monitor is 
similarly provided with a display 27 located in the display housing 21 and with a 
keyboard for entry of commands by the physician. In this embodiment, however, the 
antennas are mounted to a conductive, generally rectangular housing 22. In this 
embodiment, two antennas are provided, each antenna comprising two orthogonally 
oriented tuned stub antenna elements. The first antenna includes antenna elements 23 
and 24 which are mounted so that their longitudinal axes are located orthogonally to 
one another adjacent an upper edge 30 of the housing 22. The second antenna 
comprises antenna elements 25 and 26 which are likewise mounted so that their 
longitudinal axes are located are orthogonal to one another adjacent in upper edge 29 
of the metallic housing 22. Antenna elements 23, 24, 25 and 26 may be coiled stub 
antenna elements, having lengths optimized for use in receiving the center frequency 
of the transceivers employed by the programmer or monitor and the implanted 
device. 

The antenna of Figure 2a array employs two horizontally directed stub antenna 
elements 23 and 25 which have their axes generally parallel or co-linear with one 
another and two vertically directed stub antenna elements 24 and 26 which have their 
axes parallel to one another but perpendicular to the horizontally directed stub antenna 
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elements 23 and 25. Preferably the axes of the stub antenna elements of each of the 
antennas are coplanar and the axes of all stub antenna elements in both antennas may 
likewise be coplanar. The antennas are preferably spaced a fraction of the center 
frequency wavelength from one another. For example, in the embodiment illustrated 
in Figure 2, the stub antenna elements 24 and 26 may be spaced approximately 12 
inches from one another. Although not visible in this drawing, it should be 
understood that the two elements of each antenna are coupled to one another by means 
of a 1 80° power splitter/tuned circuit, located within housing 22. As in the case of the 
programmer or monitor illustrated in Figure la, the device includes circuitry for 
switching between the two antennas as a function of either the signal strength of the 
signal received from the signal received from the associated implanted device or as a 
function of verification of accurate data transmission. 

Figure 2b illustrates the configuration of a stub antenna element appropriate 
for use with a programmer or monitor as illustrated in Figure 2a. For example, in the 
case of a telemetry system operating the range of 400 megaHertz, the stub antenna 
element 23 may be a coil of number 12 wire 23a having a diameter D of about 1/4 to 
3/8", and a length L 2 of about 2", covered by a sheath 23b of rubberized plastic and 
mounted to a connector base 23c which allows the antenna element to be mounted to 
and insulated from the conductive housing of the programmer or monitor. 

Figure 3 is a diagram illustrating the interconnection of the antenna array of 
the programmer or monitor of Figure la with the circuitry and other functional 
components included therein. In this view, the outline of the display housing 1 1 is 
illustrated, showing the relative location of antenna elements 12, 13, 14 and 15. The 
tapered end portions of plates or strips 12 and 13 are coupled by feed wires to a 180° 
power splitter/tuned circuit 31 which is in turn coupled to antenna selection switch 32. 
Similarly, the tapered end portions of plates or strips 14 and 15 of the second antenna 
are coupled to a second 180° power splitter/tuned circuit 33 which is also coupled to 
antenna selector switch 32. The controller circuitry 46 of the programmer selects 
which of the two antennas is employed by means of control line 34. RF signals are 
carried between the antenna switch 32 and UHF transceiver 38 via RF line 36. 
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The circuitry within the programmer or monitor includes a microprocessor 50 
which controls the operation of the device as a function of programming stored in 
RAM/ROM 54 and/or hard disk drive 52, both of which are coupled to the 
microprocessor via data/address bus 48. Commands from the physician are provided 
5 to the microprocessor via keyboard 1 7 and/or any additional control buttons (or if the 

display is touch sensitive from the display as well). Information regarding the 
operation of the programmer or monitor and information received from the associated 
implanted device are displayed on display 16, under control of graphics circuitry 56. 
The graphics circuitry, microprocessor, hard disk drive, RAM/ROM circuitry, 

1 0 keyboard and display may all correspond to corresponding components of personal 

computers and/or prior art programmers and monitors. 

Operation of the telemetry system is controlled by controller circuit 46 which 
operates under control of microprocessor 50. UHF transceiver 38 is a multi-frequency 
transceiver, preferably a transceiver capable of operating in a number of frequency 

15 bands, in which data is encoded by frequency shift from a defined center frequency. 

Controller 46 via control bus 43 defines the operational frequency of the transceiver 
38, and by means of transmit/receive line. 47 configures the transceiver to either 
transmit RF signals to the antennas or receive RF signals from the antennas. 
Controller 46 also provides the data to be telemetered to the implanted device to data 

20 processing circuitry 44 and receives decoded received data from the implanted device 

from data processing circuit 44, also via data bus 45. Data provided by controller 46 
to data processing circuitry 44 is converted therein from parallel to serial format and 
provided serially to UHF transceiver 38 on TX data line 42. Correspondingly, data 
received by UHF transceiver 38 is provided in serial format on DEMOD line 40 to 

25 data processing circuitry 44, and is converted therein to parallel format and provided 

to the microprocessor 50 via controller circuitry 46. Controller 46 is also capable of 
monitoring the amplitude of the signal received by the currently active antenna via RF 
line 35 from UHF transceiver 38 in order to allow for selection between the two 
antennas as described above. In operation, during receipt of transmissions from the 

30 associated implanted device, the controller 46 may select which of the two antennas is 
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employed as a function of the amplitude of the received RF signal as indicated on RF 
line 35. Alternatively, the controller may verify the integrity of the data received from 
data processing circuitry 44 via data line 45, and switch between antennas in the event 
that the received data has greater than a defined number of errors per transmission. 

Figure 4 is a figure illustrating the interconnection of the stub antenna 
elements 23, 24, 25 and 26 of Figure 2a with corresponding circuitry within the 
programmer or monitor 20 of Figure 2a. As illustrated, the first antenna includes stub 
antenna elements 25 and 26, located adjacent the upper edge 29 of metallic enclosure 
22. Stub antenna elements 25 and 26 are coupled to a 180° power splitter/tuned 
circuit 3 1 which corresponds to the identically labeled circuit in Figure 3. Similarly, 
the stub antenna elements 23 and 24 of the second antenna, located adjacent upper 
edge 30 of enclosure 22 are also coupled to a 180° splitter/tuned circuit, which also 
corresponds to the identically numbered component in Figure 3. The 1 80° power 
splitter/tuned circuits 31 and 33 are correspondingly coupled to an antenna selector 
switch as corresponding to that illustrated in Figure 3 which is coupled to the circuitry 
within the programmer/monitor via RF line 36 and control line 44 in the same fashion 
as described in conjunction with Figure 3. 

Figure 5 is a block functional diagram of one type of transceiver appropriate 
for use in conjunction with the present invention in both the implanted device and the 
associated programmer. As illustrated, the transceiver is shown as it would be 
interconnected to the circuitry of the programmer or monitor. However, the 
description of its operation below also applies to the transceiver as employed in the 
implanted device. Other transceiver types corresponding, for example to transceivers 
employed in prior art implantable devices and associated programmers may of course 
be substituted, with corresponding dimensional changes to the antennas as disclosed 
herein to optimize their performance for the frequencies employed by the transceivers. 

Examples of alternative transceivers are described in U.S. patent No. 
5,342,408, issued to DeCoriolis et al., U.S. patent No. 5,476,488, issued to Morgan et 
al., U.S. Patent No. 5,683,432, issued to Goedeke et al., U.S. Patent No. 4,365,290, 
issued to Nelms et al. and U.S. Patent No. 5,693,076, issued to Kaemmerer or U.S. 
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Patent No. 5,752,977, issued to Grevious et al., all incorporated herein by reference in 
their entireties, or as disclosed in any of the above-cited prior patents related to 
programmers for use with implantable devices. 

In particular, the transceiver 38 may be configured to operate employing 
center frequencies in the vicinity of 400 megaHertz. The receiver includes a UHF 
frequency synthesizer 74 which operates under control of control bus 43 to define a 
center frequency and data frequencies spaced above and below the center frequency. 
A number of center frequencies and associated data frequencies may be defined to 
provide for multi-channel operation. Control of the transceiver to operate as a 
transmitter or receiver is accomplished through the transmit/receive control line 47 
which causes transmit/receive switch 60 to couple RF line 36 (coupled to the antenna 
array) to either the frequency synthesizer 74 or to mixer 66 via one or more filtration 
and amplification stages 62 and 64. While operating as a receiver, the UHF frequency 
synthesizer applies the center frequency to the mixer 66 and thereafter to quadrature 
detection circuitry 72 via one or more filtration and amplification stages 68 and 70. 
The demodulated quadrature signal on line 40 is passed through to the data processing 
circuitry 44 where it is converted from a serial to a parallel format and thereafter 
provided to the microprocessor 50 via control circuitry 46 and data/address bus 48 
(Figure 3). 

During transmission, the transmit/receive switch 68 couples the RF line 36 (in 
turn coupled to the antenna array) to the output of the UHF frequency synthesizer 74 
which outputs a frequency shifted above or below the center frequency as a function 
of the logic value of the serially applied data on TX data line 42. The associated 
implanted device correspondingly has a similar UHF transceiver operating in an 
analogous fashion to receive the RF signals from the programmer or monitor and to 
transmit RF signals to the programmer/monitor. 

Figure 6a is a perspective view of a first embodiment of an implanted device 
100 embodying the present invention. The device includes a hermetic enclosure 102 
which includes a battery and electronic circuitry, including an RF transceiver as 
described above. Mounted to the enclosure 102 is a header or connector block 118 



WO 00/65990 



PCT/US00/02613 



13 

which is preferably fabricated of a plastic such as epoxy. As illustrated, the plastic is 
transparent, however, an opaque plastic or other insulative material may also be 
substituted. As illustrated, the device includes a connector bore 112 which is intended 
to receive the electrical connector of an associated electrical lead, such as a cardiac 
pacing lead, a cardiac monitoring lead, a cardioversion/defibrillation lead, or a lead 
coupled to a physiologic sensor such as an oxygen sensor, pressure sensor, or the like. 
The lead is coupled to the internal circuitry within the enclosure 104 by means of one 
or more electrical connectors 1 10, each coupled to an associated feedthrough 108 and 
thereby coupled to the circuitry within enclosure 102. The portion of the antenna 
external to the connector block may take the form of a wire 1 14 surrounded by an 
insulative coating 1 16. The wire may take the form of a stranded conductor, for 
example a 0.020" diameter stranded wire surrounded by silicone rubber insulation 
116. The length of wire 1 14 is chosen to be optimized for use in conjunction with the 
center frequency of the UHF transceiver within the device 100. In the context of a 
device operating in the vicinity of 400 megaHertz, for example, the length of 
conductor 1 14 may be approximately 8 centimeters. Mounted within connector block 
1 18 is a metallic antenna loading tab 104 which takes the general form of an isosceles 
triangle having laterally extending tabs at its base and coupled at its apex to a 
feedthrough 106 which is in turn coupled to the UHF transceiver within the device 
100. Wire 1 14 is coupled to the base of the loading tab 104, as illustrated in more 
detail in Figure 6b. 

Figure 6b illustrates one preferred configuration for the antenna loading tab 
104. As illustrated, the tab generally takes the form of an isosceles triangle having an 
apex 500 which is coupled to the feedthrough 106 and thereby to the UHF transceiver 
within the housing and a base 502 which is coupled to the stranded wire 1 14 of the 
antenna. The base portion of the tab is provided with two lateral extensions 504 and 
506. The tab may be fabricated of a gold plated plastic sheet approximately .020" in 
thickness, and the length of the tab from the apex 500 to the base 502 may be 
approximately 1 .6. The tab may alternatively be deposited on an external surface of 
the connector block and covered with a plastic or silicone rubber coating. The 
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antenna configuration illustrated in Figures 6a and 6b is particularly desirable in the 
context of an implanted device employing a UHF transceiver. The antenna so 
provided is a broad band high efficiency antenna, in which the tab 104 functions as a 
sub-wavelength radiating element and in which the length of the wire 1 14 is chosen 
to provide optimal performance for the particular frequency bands employed by the 
transceiver. 

Figure 7 illustrates an implantable device 120 employing an alternative 
antenna embodiment. Like the device of Figure 6a, the device includes an enclosure 
122 which contains a battery and associated electronic circuitry including a UHF 
transceiver as discussed above. Mounted to the enclosure is a connector block 138 
which in this case is a generally "L" shaped molded plastic component extending over 
two adjacent edge surfaces of the enclosure 122. Like the connector block 1 18 of 
Figure 6a, connector block 138 is also provided with a connector bore 132 and one or 
more electrical connectors 130 coupled to electronic circuitry within the enclosure 122 
by means of one or more feedthroughs 128. In this embodiment, the antenna takes the 
form of a length of coaxial cable having its center conductor 134 coupled to a 
feedthrough 126 which is in turn coupled to the transceiver within the enclosure 122 
and having a braided shield 124 coupled to the device enclosure 122, which is 
typically fabricated of a conductive material such as stainless steel or titanium. The 
braided shield 124 is electrically coupled to the enclosure 122 and extends over only 
a portion of the length of the antenna, with the remainder of the antenna consisting of 
the unshielded center conductor 134 surrounded by diametric 136. For example, the 
antenna may take the form of a shielded R-F type coax cable with its outer insulation 
removed, having a 00020 " diameter center conductor fabricated of a stranded wire, a 
cable dielectric of 3.1 plastic and a braided wire outer shield. The antenna may be 
approximately 12 centimeters in length, and the braided shield 124 may extend only 4 
centimeters from the point of connection of the cable to feedthrough 126. The entire 
antenna in this embodiment is molded into connector block 138, avoiding any 
inconvenience associated with a projecting antenna as in Figure 6a. 
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Figure 8 illustrates yet another alternative embodiment of an implantable 
device 140 employing the present invention. Like the devices of Figures 6a and 7, the 
device is provided with a hermetic enclosure 142 which contains a battery and 
associated electronic circuitry including a UHF transceiver. A connector block 1 54 is 
5 mounted to the enclosure and carries a connector bore 1 52 and one or more associated 

electrical connectors 150 each coupled to an associated feedthrough 148 as described 
above. In this embodiment, like the embodiment of Figure 7, the antenna takes the 
form of a length of coaxial cable, coupled to a feedthrough 146 which is in turn 
coupled to the transceiver within the device 142 and having a braided shield 144 

10 coupled to the conductive device enclosure 142. 

In this embodiment, like the embodiment of Figure 7, the braided shield 144 
extends over only a portion of the antenna. For example, as discussed above in 
conjunction with Figure 7, the 4 centimeters of the cable extending from the 
feedthrough 106 may be covered by braided shield 144, with the center connector 154 

15 unshielded over the remainder of the length of the antenna which may total, for 

example, 12 centimeters. In this embodiment, the unshielded portion of the center 
conductor 154 and the associated dielectric 156 of the cable extend outward from the 
connector block 152 to provide a configuration which is similar externally to that 
illustrated in conjunction with that of Figure 6a. The antennas of Figures 7 and 8, like 

20 the antenna of Figures 6a and 6b are particularly desirable for use as antennas in 

conjunction with implanted devices employing UHF transceivers, as they provide a 
broad band, high efficiency antenna for transmission and reception of UHF radio 
signals. 

Figure 9 is a perspective drawing of an implantable device 160 in which the 
25 portion of the antenna which extends outward from the connector block, for example, 

as illustrated in Figures 6 and 8, is configured to be part of an associated electrical 
lead 170. In this embodiment, the electrical lead is provided with a first electrical 
connector 172 which carries a conductor extending through an insulative lead body 
178 to a stimulation/sensing electrode 180, for example, as might be employed if the 
30 implanted device takes the form of a cardiac pacemaker. The portion of the antenna 
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176 which extends exterior to connector block 164 is coupled to the lead body 178 by 
means of a molded plastic collar 180 and is provided with a second connector 
assembly 174 which is inserted into a second connector bore within connector block 
164 which couples the exposed portion 176 of the antenna to the remainder of the 
5 antenna located within the connector block. For example, in the context of an antenna 

generally as illustrated in Figures 6a and 6b, the exposed portion of the antenna 176 
may take the form of a stranded conductor in a silicone rubber insulation, and 
connector 174 may serve, in conjunction with an internal connector block would 
couple the exposed portion 176 of the antenna to the tab located within header 164. 

10 Correspondingly, in a device having an antenna generally as illustrated in Figure 8, 

the exposed portion 176 of the antenna may take the form of the center conductor and 
dielectric of a coaxial cable, coupled to a short length of shielded coaxial cable within 
connector block 164 by means of connector 174. 

Figure 10 is block functional diagram of an implantable device appropriate for 

15 use in practicing the present invention. In this case, the device takes the form of an 

implantable cardiac pacemaker, which operates under control of microprocessor 208 
under control of programming stored in RAM/ROM circuitry 210. Basic timing and 
operational functions of the pacemaker are provided by pacer/timing control circuitry 
212, which defines the various escape intervals, pulse widths, sensing intervals and 

20 the like associated with operation of a cardiac pacemaker. Selection of intervals in 

operative modes is accomplished by microprocessor 208 via data/address bus 222. As 
illustrated, the device is provided with an input amplifier 214 which senses cardiac 
depolarizations via electrodes 218 and 220. For example, electrodes 218 and 220 may 
be located on an electrical lead associated with the device and inserted into a 

25 connector receptacle of the header coupled to the device enclosure, as illustrated in 

Figures 6 through 9, above. An output pulse generator 216 is provided for delivering 
cardiac pacing pulses to electrodes 218 and 220 according to any of the standard 
cardiac pacing modes. The illustrated embodiment of the implantable device as a 
cardiac pacemaker is purely exemplary, and it should be understood that the 

30 implantable device may of course take the form of an implantable nerve stimulator, 
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implantable heart monitor, implantable drug pump or any other implantable electronic 
device which employs a telemetry system to communicate between the implanted 
device and an associated external programmer or monitor. 

The telemetry circuitry of the device corresponds generally to that discussed 
above in conjunction with Figure 3 in the context of the associated external 
programmer or monitor. The antenna 200 which may take the form of any of the 
antennas illustrated in Figures 6 through 9 is coupled to a UHF transceiver 202 which 
may correspond to the UHF transceiver 38 illustrated in Figures 3 and 5 described 
above. Alternatively, the transceiver 38 may take the form of a zero IF or direct 
conversion transceiver of the general type described in U.S. Patent No. 4,523,324 
issued to Marshall et al., U.S. Patent No. 4,618,967 issued to Vance et al and U.S. 
Patent No. 4,580,101 issued to Lax et al., all incorporated herein by reference in their 
entireties. In such embodiments, the transceiver may correspond generally to zero IF 
direct conversion FSK paging receivers intended to operate in the UHF band. 

Like the circuitry within the programmer, operation of the transceiver is 
controlled via control bus 228 by telemetry control circuitry 206 which may 
correspond generally to control circuitry 46 of Figure 3. Demodulated data from UHF 
transceiver 202 is provided via DEMOD line 226 to data processing circuitry 204 
which converts the data from serial format to parallel format and provides it to 
microprocessor 208 via data/address bus 222. Data to be transmitted is converted 
from parallel format to serial format and provided to the transceiver via TX data line 
224, in a fashion analogous to that discussed above in conjunction with Figure 3 in the 
context of the external programmer or monitor. 

In conjunction with the above specification, we claim: 
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Claims 

1 . An implantable medical device, comprising: 
a hermetic housing; 

means for performing a therapeutic procedure mounted within the housing; 
a transceiver mounted within the housing and coupled to the performing 

means; 

a first feedthrough, mounted to the housing and coupled to the transceiver; 

an antenna located external to the housing and coupled to the first feedthrough, 
the antenna comprising a metallic tab having first and second ends, the first end 
coupled to the feedthrough and the second end coupled to a length of insulated 
conductor. 

2. A device according to claim 1 wherein the performing means comprises means 
for delivering a therapy. 

3. A device according to claim 1 wherein the performing means comprises means 
for monitoring a physiological parameter. 

4. A device according to claim 1 or claim 2 or claim 3 comprising a non- 
conductive header mounted to the housing, wherein the metallic tab is mounted to the 
header. 

5. A device according to claim 4 wherein the tab is mounted within the header. 

6. A device according to claim 4 wherein the length of insulated conductor 
extends external to the header. 
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7. A device according to claim 1 or claim 2 or claim 3 wherein the tab is formed 
of a metal sheet and wherein the second end of the tab has a width greater than the 
first end of the tab. 

8. A device according to claim 1 or claim 2 or claim 3 comprising a second 
feedthrough coupled to the performing means and wherein the header comprises 
means for connecting a medical electrical lead to the second feedthrough. 

9. A device according to claim 1 or claim 2 or claim 3 wherein the transceiver is 
a UHF transceiver. 

1 0. An implantable medical device, comprising: 
a hermetic conductive housing; 

means for performoing a therapeutic procedure, located within the housing; 
a transceiver mounted within the housing and coupled to the performing 

means; 

a first feedthrough, mounted to the housing and coupled to the transceiver; 

an antenna located external to the housing and coupled to the first feedthrough, 
the antenna comprising a length of conductor encased in a dielectric, extending from 
the first feedthrough, and a coaxial shield coupled to the housing and extending along 
only a portion of the length of conductor. 

11. A device according to claim 10 wherein the performing means comprises 
means for delivering a therapy. 

12. A device according to claim 10 wherein the performing means comprises 
means for monitoring a physiological parameter. 
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13. A device according to claim 10 or claim 1 1 or claim 12 comprising a non- 
conductive header mounted to the housing, wherein the coaxial shield is mounted to 
the header. 

14. A device according to claim 13 wherein the coaxial shield is mounted within 
the header. 

1 5. A device according to claim 1 3 wherein the length of conductor extends 
external to the header. 

16. A device according to claim 10 or claim 1 1 or claim 12 comprising a second 
feedthrough coupled to the performing means and wherein the header comprises 
means for connecting a medical electrical lead to the second feedthrough. 

17. A device according to claim 10 or claim 1 1 or claim 12 wherein the 
transceiver is a UHF transceiver. 

18. A device according to claim 8 or claim 1 6, further comprising a medical 
electrical lead coupled to the second feedthrough and extending from the header and 
wherein the length of conductor extends from the housing and has an end coupled 
mechanically to the medical electrical lead.: 
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